Objective: To compare the predictive role of abdominal fat distribution by computed tomography (CT) with that of total abdominal fat by sagittal abdominal diameter (SAD) on cardiovascular risk in severe obesity. 
Introduction
Abdominal obesity is associated with dyslipidemia, impaired fasting glucose, insulin resistance (IR) and hypertension, which when combined result in an increased risk of cardiovascular disease. 1, 2 It has been proposed that cardiovascular risk factors are related to the proportions of several abdominal adipose subcompartments, rather than abdominal fat 'per se'. [3] [4] [5] [6] By computed tomography (CT), these are distinguished as total subcutaneous (tSAT) and visceral adipose tissue (VAT). Within the former, a superficial subcompartment (sSAT) can be distinguished from the deep subcompartment (dSAT). Conventionally, VAT has been reported to be the main contributor to cardiovascular disorders, yet some studies have emphasized that dSAT is as relevant as VAT in determining cardiovascular risk. 4, 7 Other studies have suggested that tSAT should be a better correlate than VAT to cardiovascular risk, 3, 8, 9 influencing insulinemia and blood glucose more that sSAT. 10 Thus, it has been argued that both tSAT and VAT are closely related to IR. 11 In contrast, however, it has been observed that the total amount of abdominal fat is more important than its subcompartments in determining the cardiovascular risk. 12 On the basis of this finding, a noninvasive measurement of abdominal fat, such as the sagittal abdominal diameter (SAD), which is a valid measure of the total amount of abdominal fat, 13 may act as a good predictor of cardiovascular risk in obesity. 14, 15 Hence, the aim of this study was to evaluate if measurement of SAD could provide a more accurate estimate of cardiovascular risk than abdominal adipose subcompartments in severe obesity.
Materials and methods

Study subjects
One hundred and twenty-eight consecutive obese subjects (64 males and 64 females) aged 42 ± 15 years (mean ± s.d., range 18-75 years) and having body mass index (BMI, kg/m 2 ) of 41.7 ± 5.3 (30.2-57.6) were enrolled in the study, after being excluded for the following: kidney or liver disease, coronary heart disease, congestive heart failure and diabetes being treated medically. None of the subjects were being treated with drugs that could interfere with glucose or lipid metabolism, such as insulin, oral glucose-reducing agents, statins, fibrates or estroprogestins. The clinical characteristics of the subjects are depicted in Table 1 . Blood samples were obtained in the morning, after an overnight fast. In premenopausal women, a pregnancy test was performed before CT. The study was approved by the local Ethic Committee, and informed consent was obtained from each subject.
CT measurements
The measures of the surfaces of tSAT, sSAT, dSAT, VAT (cm 2 ) and SAD (mm) were obtained by CT (Hi-Speed DX/I 6.4 scanner software, General Electric Medical Systems, Milwaukee, WI, USA). An initial scan was performed to detect the slice corresponding to the lumbar mark (140 kV; 80 mA; 6 s), which was then followed by three consecutive slices of the fourth lumbar vertebra, each spaced by 5 mm (for each slice: 120 kV, 160 mA, 4 s); the closest point to the middle part of the vertebral body was used to measure adipose tissue depots. The surface measures of tSAT, sSAT, dSAT, VAT (cm 2 ) and SAD (mm) were obtained by CT (HiSpeed DX/I 6.4 scanner software, General Electric Medical Systems). An initial scan was performed to detect the slice corresponding to the lumbar mark (140 kV; 80 mA; 6 s), which was then followed by three consecutive slices of the fourth lumbar vertebra, each spaced by 5 mm (for each slice: 120 kV, 160 mA, 4 s). The nearest point to the middle of the vertebral body was used to measure adipose tissue depots. Anatomically, sSAT and dSAT are separated by the so-called fascia superficialis. In each patient, sSAT was determined as the tissue lying between a line drawn with a mouse-driven cursor from the base of the skin layer to a line identifying the fascia superficialis, whereas dSAT was measured as the tissue lying between the latter and a line drawn along the abdominal muscle wall. VAT was determined by drawing a line that begins at the linea alba, bisects the rectus abdominus, the internal oblique, the iliacus and laterally around the peritoneum surrounding the vertebral body to join at the midline anterior to the vertebral body. The procedure was performed by a single operator (AM). SAD was measured as the anterior-to-posterior distance at the middle part of the vertebral body. The quantification of the abdominal fat compartments was performed manually. The Operator Console Application Software (version number: HiSpeed Series Release 6.03) was used for the CT image analysis. During the examination, subjects were recumbent, holding their breath in suspended medium inspiration without any specific preparation.
Chemical analyses
Blood glucose, total cholesterol, high-density lipoprotein (HDL) cholesterol, low-density lipoprotein (LDL) cholesterol and triglycerides (TGLs) were determined by enzymaticcolorimetric method (Roche Diagnostic Corporation, Mannheim, Germany) and insulinemia (IRI) by chemiluminescence (Immulite 2000 Analyzer, Diagnostic Product Corp., Los Angeles, CA, USA). IR was calculated by Homeostatic Model Assessment (HOMA-IR). 16 
Statistics
Results were analyzed by JMP software package. Variables not normally distributed (blood glucose, IRI, HOMA-IR, HDL cholesterol and TGLs) were log-transformed before statistical elaboration. A stepwise linear regression analysis was performed to evaluate the relationship between the slice areas of each abdominal fat compartment and the metabolic variables in a model including BMI and age. The data are presented as correlation coefficients. Subjects were 
Results
When subjects were evaluated, individual groups were homogeneous for age and BMI, whereas differences were documented for height, weight and waist-to-hip ratio (Table 1) . When males and females were compared, blood glucose, HOMA-IR, LDL cholesterol and TGLs were more elevated in males than females, whereas HDL cholesterol was higher in females. The remaining variables did not show any gender-based differences ( Table 2 ). CT scans of abdominal adipose tissue showed comparable tSAT values between groups; however, within tSAT, a predominance of sSAT was seen in women, whereas dSAT predominated in men (Table 3 ).
All subjects
Body mass index correlated positively to tSAT, sSAT, dSAT and SAD slice area, whereas VAT correlated exclusively with BMI, but only after introducing age in the model in the study groups as a whole and following subdivision by gender (data not shown). The VAT slice area increased, whereas tSAT, sSAT and dSAT decreased with increasing age (Table 4) . Even though BMI and age were introduced simultaneously in the model, tSAT did not show any correlation with variables of cardiovascular risk. In contrast, sSAT correlated negatively with blood glucose, HOMA-IR, LDL cholesterol and TGL levels, whereas dSAT correlated negatively only with HDL cholesterol. VAT showed a positive correlation with blood glucose and HOMA-IR, whereas SAD showed a positive correlation with all the variables, except HDL cholesterol where correlation was negative (Table 5) .
Males
In males, tSAT as well as sSAT and dSAT slice areas failed to correlate with any of the variables, whereas VAT weakly correlated with blood glucose. SAD associated significantly with blood glucose, IRI and HOMA-IR.
Females
In females, tSAT and dSAT failed to correlate with the other variables, whereas sSAT correlated negatively with blood Obesity and fat compartments G Guzzaloni et al glucose. The VAT slice area correlated positively with blood glucose, total cholesterol, LDL cholesterol and TGLs, whereas SAD correlated positively with IRI, HOMA-IR, total cholesterol, LDL cholesterol and TGLs, and negatively with HDL cholesterol (Table 6 ).
Discussion
The results of this study show that SAD is a more predictive indicator of cardiovascular risk than CT-based measures of abdominal fat compartments, and that, in agreement with previous studies, it is strongly correlated with both lipid profile 14, 17 and IR, 15,18-21 independent of gender.
As SAD is considered as a good predictor of both total abdominal fat and VAT, 13 it is most likely that the total amount of abdominal fat is a more important determinant of cardiovascular risk in severe obesity than the slice area of individual compartments. 12, 22 We obtained similar results using the waist girth, a good correlate of total abdominal fat. 23 Although SAD and waist girth may not accurately predict VAT by electron beam CT, 24 SAD appears to be better related to body fat than VAT. 25 In recent studies, SAD has been claimed to be a strong predictor of cardiovascular disease, independent of BMI, with its predictive value increasing for each level of increasing BMI. 25, 26 As a result, numerous authors suggested the use of SAD as a practical estimate for both VAT and tSAT. 27 SAD is also feasible when calculated manually, with a 1.7% standard error reported vs CT measures. 28 For this reason, SAD has been suggested for use in epidemiological research. 29 Subjects harboring a high proportion of VAT are at risk for an increased incidence of metabolic disorders, including dyslipidemia, hypertension and IR. 30, 31 Considerable controversy remains, however, on the independent effect of VAT accumulation as a predictor of glucose disposal. Recent studies have reported that VAT and/or SAT levels were independent predictors of IR. 3, 8 In our experience, VAT seems to explain 10% of the variability of IR and 16% of blood glucose, confirming its role of independent contributor of the alterations in glucose metabolism. 32 We also documented a weak correlation between VAT and IR, and a greater predominance of tSAT over VAT in our severely obese subjects. These observations may confirm the hypothesis that a large tSAT could be the major determinant of IR, rather than VAT. 3, 33 In turn, this scenario gives more strength to the ratio between VAT and SAT than to the absolute value of each. 34 In contrast, no correlation has been previously found between insulinemia and VAT in women, 33 with the effect of VAT on insulinemia less evident than that of dSAT. 22 It has also been suggested that once a threshold of obesity is achieved (30% fat excess over total fat body content), fat mass per se loses its predictive power for IR. 35 Even though there is evidence to suggest that tSAT is better correlated than VAT to the metabolic variables of Obesity and fat compartments G Guzzaloni et al cardiovascular risk, in particular IR, 3, 8, 9, 11, 36 the lack of an influence of tSAT on such variables observed in this study agrees with previous observations. 5, 37 Alternatively, when the two subcompartments of tSAT are taken into account, sSAT appears to act as a protective factor, able to explain as much as 50% of the variability of blood glucose and IR, LDL cholesterol and TGLs. By limiting the observation to IR, our data seem to substantiate the correlation documented between sSAT and insulin sensitivity, 4 but fail to confirm the determining role of sSAT on insulinemia and HDL cholesterol seen in a study encompassing subjects with a wide range of BMI. 10 Therefore, the protective role of sSAT may well be related to the proportion of this compartment and therefore may not be evident in studies that have included subjects with a lower degree of obesity. 10 Our data concerning dSAT are in disagreement with previous studies suggesting that dSAT is metabolically similar to VAT 4 and responsible for a greater proportion of the variance of insulinemia than VAT. 22 In support of independent metabolic functions, in vitro data from our laboratory confirm that adipocytes and pre-adipocytes from dSAT are metabolically distinct from those of VAT. 38 In contrast, the proportion of dSAT does not seem to significantly influence the metabolic factors of cardiovascular risk except for HDL cholesterol, with an inverse relationship seen between the latter and dSAT. 10, 17, 22 In conclusion, our data suggest that SAD is a better correlate for cardiovascular risk than the slice areas of each compartment of abdominal fat in severe obesity. Overall, we propose that the identification of obese subjects with a high cardiovascular risk by an evaluation of CT-determined fat compartments may be replaced by an evaluation of SAD, a simple and inexpensive anthropometric measure.
